Evolutionary changes are determined by a complex assortment of ecological, demographic, and adaptive histories. Predicting how evolution will shape the genetic structures of populations coping with current (and future) environmental challenges has principally relied on investigations through space, in lieu of time, because long-term phenotypic and molecular data are scarce. Yet, dormant propagules in sediments, soils, and permafrost are convenient natural archives of population histories from which to trace adaptive trajectories along extended time periods. DNA sequence data obtained from these natural archives, combined with pioneering methods for analyzing both ecological and population genomic time-series data, are likely to provide predictive models to forecast evolutionary responses of natural populations to environmental changes resulting from natural and anthropogenic stressors, including climate change.
Evolutionary changes are determined by a complex assortment of ecological, demographic, and adaptive histories. Predicting how evolution will shape the genetic structures of populations coping with current (and future) environmental challenges has principally relied on investigations through space, in lieu of time, because long-term phenotypic and molecular data are scarce. Yet, dormant propagules in sediments, soils, and permafrost are convenient natural archives of population histories from which to trace adaptive trajectories along extended time periods. DNA sequence data obtained from these natural archives, combined with pioneering methods for analyzing both ecological and population genomic time-series data, are likely to provide predictive models to forecast evolutionary responses of natural populations to environmental changes resulting from natural and anthropogenic stressors, including climate change.
From genes to the genomes of populations
In recent years, the decreasing costs and higher accessibility of high-throughput DNA sequencing technologies have sparked a shift from genetics (the study of genes) to genomics (the wholesale study of genomes). These innovations have fueled the development of an unbiased reverse ecology (see Glossary) or forward genetics-genome scan approach for measuring DNA variation [1, 2] , whereby genes with functions tied to ecologically relevant traits can be identified by contrasting patterns of neutral and adaptive genetic variation within and between populations. Neutral genetic variation provides a baseline view of both demographic (e.g., population size and migration rate) and genetic (e.g., mutation rate and recombination) processes, whereas adaptive genetic variation underlies traits that impact fitness. The growing application of this genomic approach to species with well-studied ecologies will likely identify genes and functional gene networks underlying adaptive responses in the wild (see [3] [4] [5] for recent examples). Such studies provide an extraordinarily detailed view of the molecular basis of recurrent adaptive divergence and illustrate the importance of processes such as gene duplication in functional responses to environmental conditions. Overall, the recent application of genomics in population studies is helping to identify the types of genetic variation (variation in gene regulatory regions or gene polymorphisms) that matter most for adaptation (e.g., [6] ), and to discover the sources of genetic variation (new mutations, migration, and standing genetic variation) driving adaptive responses to environmental changes (e.g., [7] ). A next step is to extend these inquiries beyond straightforward descriptive measures of the spatial distribution of genetic variation to reconstruct the evolutionary processes that contributed to present-day population genomic structures in the wild. This endeavor requires observation of evolution in action to connect the genetic architecture of natural populations to the environmental context of selection, drift, and migration that drive phenotypic outcomes. A mechanistic approach to the study of evolution is still comparatively rare and the temporal perspective that we discuss here is likely to produce important insights, not least for aiding better predictions of adaptive responses to future environmental challenges.
A novel way of documenting the course of evolution in nature during the time frame of a single research project is to study organisms that produce dormant life stages (i.e., seeds, eggs, cysts, or spores; [8] ), which accumulate in lacustrine and marine sediments, soil, or ice to build up dormant propagule banks (note: we will use the term 'propagule bank' to describe all dormant seed, cyst, spore, and egg banks). These temporally stratified propagule banks can be accurately dated (Box 1), thereby aligning their local population genomic and community histories to known changes in the natural landscapes, or to environmental changes inferred from analyses of the sediments or soils [9] [10] [11] [12] . By resuscitating past populations in the laboratory and competing isolates against their modern descendants, the function and fitness effects of genes evolving in step with the changing environment can also be experimentally inferred.
In this article, we discuss the use of stratified propagule banks to reconstruct the evolutionary processes that contributed to present-day population genomic structures in the wild. We posit that a parallel temporal analysis conducted on multiple populations distributed across a landscape allows for the reconstruction of the processes that drive evolutionary dynamics at regional and continental scales with unprecedented resolution. Finally, we suggest that informing predictive modeling of populations with data from biological archives is a powerful approach to forecast population adaptation to multiple environmental challenges, including climate change.
Glossary
Ancient (a)DNA: DNA isolated from ancient specimens. Examples of aDNA include DNA recovered from archeological and historical skeletal material, mummified tissues, archival collections of nonfrozen medical specimens, and preserved plant remains from ice, soil, sediment, and permafrost cores. Climate envelope model: models that use current distributions of species to construct a projected set of climatic conditions that suit a given set of species. This 'envelope' can then be used to visualize where species could live under predictions of future climate change. Complex network: a graph (network) with nontrivial topological features; i.e., features that do not occur in simple networks, such as lattices or random graphs. DNA sequencing error rate: reading error generated by sequencing platforms often associated with low quality of starting DNA or RNA. There are three types of error that can be introduced by automated sequencing: deletion, insertion, and mismatches. The error rate occurring during the sequencing process differs between platforms, but it is commonly larger in next-generation sequencing and third-generation sequencing technologies compared with Sanger sequencing. Eco-evolutionary feedbacks: reciprocal interactions between ecological and evolutionary processes. Eco-evolutionary feedbacks require that microevolution of a given population (driven by environmental change) impacts ecological responses at the population, community, or ecosystem level. Forward genetics: term used here in association with reverse ecology. The forward genetics approach studies the genetics of a given organism without any a priori knowledge of its adaptive responses to environmental changes. It seeks signatures of selection at the genome-wide scale in opposition to a candidate gene approach, which assesses the functional link between a gene variant and a phenotype. Genome and/or genetic architecture: refers to the underlying genetic basis of phenotypic traits and genotypic trait values (defined below). The study of genetic architecture is the study of the functional link between genotypes and phenotypes. Genome scans (or genome-wide linkage scans): a genome-wide multilocus screening of genetic variation. Genome scan studies identify genomic regions under selection, either directly or more often through linkage, through the screening of multiple loci. Genomic regions under selection are the ones that depart from neutral expectations in a multilocus distribution of F st . Genotypic trait value: average value of the phenotype of a specific trait for a genotype in a particular environment. Phenotypic trait value: result of the combined effect of environmental influences (including the maternal environment) and the genotypic trait value. Resurrection ecology: hatching of dormant propagules of a still living (or potentially extirpated) species from a different time than the present, to study the traits and responses to the environment of populations that lived in the past. Reverse ecology: the use of genomics to study ecological responses in a given organism with no a priori assumptions. The term is used as an analogy to reverse genetics, in which the function of a given gene is studied by comparing the phenotypic effects of specific gene sequences. Reverse genetics: through genetic analyses, the function of genes is investigated by studying organisms where gene function is altered. In classical forward genetic screening, individuals are treated with mutagens to induce DNA lesions and mutants with a phenotype of interest are sought. After a mutant is found, the gene mutated is identified through standard molecular techniques. Third-generation or single-molecule sequencing: direct DNA, cDNA, and RNA sequencing. This technology, in full development, does not include amplification (DNA or cDNA) or reverse transcriptase steps (RNA).
Box 1. Dating of sediment, soil, and ice cores
A variety of methods is used for dating lacustrine and marine sediments, soils, and ice cores, ranging from visual characterization of annual laminated sediments (e.g., varved sediments in lakes containing algal pigments deposited during annual algal blooms or annual dust layers deposited in ice cores) to radiometric (i.e., radioisotope) dating [58, 59] (Figure I ). For dating soil and sediment cores, researchers have traditionally used isotopes such as 210 Pb (lead) and 137 Cs (cesium) [60] . The dating of horizons from known historical events (e.g., 137 Cs signal from the end of nuclear bomb testing during the 1960s or historical volcanic eruptions that deposited unique 'dust signatures' in ice), has been used as an aid in calibrating sediment deposition rates and as a crosscheck with radiometric methods. For more accurate dating of older soil and sediment samples dating back >50 000 years before present (YBP), 14 C (carbon) has been the method of choice [59] . For dating material in ice cores, in addition to visual analyses (i.e., annual dust layers), a combination of radiometric and isotopic ratios, as well as chemical signatures have been used [61] . Additional use of subfossils (e.g., pollen grains, invertebrate, or plant remains, and calcified structures, such as shells) often augments the accuracy of the dating methods mentioned above. . They studied the spatial dynamics of Daphnia magna across a complex landscape of shallow ponds identifying adaptive responses to a suite of environmental stressors (e.g., parasites, landuse changes, and fish predation), and validated these findings in time, using sediment cores with known histories for specific stressors, and in experimental evolution trials. Candidate genes linked to specific and general stress response were identified in space and validated in time and spatial evolution trials.
Evolution of microbial communities through time
Bidle et al. [62] studied community diversity in ice cores using 16S rDNA as a genetic marker. Analyses of five ice cores, spanning the past 8 million years, demonstrated an exponential decline in the average community DNA size with a half-life of 1.1 million years, with implications for the geological preservation of microbes in icy environments ( Figure Ic,d ).
Changes in plant and invertebrate communities along an extended time axis Willerslev et al. [10] studied the DNA composition of buried organisms recovered from the basal sections of deep ice cores, reconstructing past floral and faunal community composition. They reconstructed changes in a diverse array of conifer trees and insects within the past million years by comparing ancient biomolecules from basal ice with current floral and faunal composition. This approach offers a means for environmental reconstruction from ice-covered areas and yields insights into the ecology of communities from the distant past. The future application of genomics to microbial and other communities trapped in ice or sediment samples provides unprecedented opportunities for the study of community evolutionary dynamics in response to changing environments.
Genetic rescue using ancient specimens Yashina et al. [63] were able to resurrect permafrost-entombed plant tissues of Silene stenophylla that were more than 30 000-years old, and germinate and establish plants ( Figure Ie,f) . They determined that the ancient phenotype is distinct from the modern one. Success in resurrecting centennial scale-or millennial scaleold fertile organisms provides unprecedented opportunities to study long-term evolutionary dynamics and to use ancient specimens to restore genetic diversity in modern specimens at risk of extinction. Resurrection ecology and paleogenomics of dormant propagule banks Dormant propagule banks, which are increasingly used in the field of 'resurrection ecology' [13] , are hatched or germinated from layers of sediment, soil, or ice cores to obtain representative samples of populations inhabiting environments in the recent past (from decades to centuries). The populations revived from dormant propagules are kept in the laboratory and studied for their traits, genetic polymorphisms, and allelic gene frequencies, enabling a reconstruction of evolutionary dynamics in the face of environmental change [11, 14] . To date, resurrection ecology has been applied mainly in paleolimnological reconstructions of the evolutionary dynamics of aquatic invertebrates [11, 14] . Species of the genus Daphnia are among the most well-studied in this respect. They are key models in evolutionary biology and the study of adaptive responses of ecological traits to the environment [15] [16] [17] .
Fewer studies have examined propagule banks of terrestrial and marine invertebrates [8] or of plants [18, 19] , but there is increasing potential to do so. Paleogenetics, the study of polymorphic traits and DNA markers in biological archives, can be seen as a complimentary approach to resurrection ecology and has produced some surprising discoveries (see Box 2 for key examples). This approach provides estimates of microevolutionary responses of populations under stress [11] , changes in population-or community-level structure through time [20] , and changes in neutral genetic diversity [21] . Paleogenetics has also been used to measure the rate of adaptation to environmental perturbations, such as the response to nutrient enrichment (eutrophication) and nutrient reduction (reoligotrophication) in aquatic systems [22, 23] . Fueled by the advent of high-throughput genomics, paleogenetics has scaled up to paleogenomics [the study of genome-wide changes in organisms from the past; e.g., [24] (Box 2) ]. Paleogenomics provides a way to reconstruct past evolutionary dynamics and to identify past demographic and adaptive processes that have contributed to genomic structure in present-day populations. By reconstructing genome-wide variation through time, we can establish whether adaptive phenotypic responses result from new mutations, standing genetic variation, or a combination of both. By reconstructing population history through time, we can identify mutations underlying adaptations linked to specific environmental conditions and can further unveil the physiological basis of novel traits. Except for rare cases where investigations span decades (e.g., [25] ), these questions can currently be addressed only with experimental populations of species having a short generation time (e.g., Escherichia coli [26] and other microbes, [27] ) and propagated in controlled laboratory conditions. Propagule banks offer the unique opportunity to extend these findings to natural environments and to organisms with longer generation times, enabling us to forge a link between genome architecture and specific environmental challenges.
Understanding processes and mechanisms of adaptation requires 'time' Spatial analyses, commonly used in studies of the genetic diversity among populations, provide useful insights into the processes contributing to present-day population-genetic structure [28, 29] . However, these analyses are often limited to a single snapshot in time, limiting our ability to infer the processes that may have led to the population genetic diversity and structure observed in present-day populations. The inference of past processes via contemporary patterns of genetic diversity may be confounded by phylogeographic signals, complicating the identification of the causes of adaptive and demographic changes. By contrast, monitoring genetic diversity and adaptation through time, and comparing changes in genetic diversity with expectations of neutral and adaptive evolutionary models, circumvents these limitations and allows a shift from measuring patterns to determining processes of evolution. This temporal analysis of genomes is key to establishing the interaction between genome architecture and the environment that drives phenotypic evolution in natural populations. Tracking genome-wide changes in allele frequencies through time allows us to identify the type and rate of mutations underlying adaptive responses to specific selective regimes. This temporal analysis conducted in parallel on several populations distributed across a landscape allows one to reconstruct the processes that drive evolutionary dynamics at regional and continental scales (Figure 1 ). Temporally stratified propagule banks are a powerful resource to reconstruct evolutionary dynamics at different spatial scales. They are also useful for studying fluctuations in selective forces (i.e., environmental variation) among years (e.g., [30] ). As high-throughput sequencing technologies continue to improve, and the range of their application to low-copy and degraded DNA increases [31] , the study of evolutionary dynamics using paleogenomics becomes more accessible for a growing number of species producing dormant propagules along extended time axes (>>500 years, Box 2). In particular, third-generation sequencing technologies offer unprecedented opportunities for the sequencing of degraded and ancient (a)DNA, often recovered from stratified propagule banks. At this early stage, several technological challenges still exist for investigating dormant propagule banks (Box 3). However, technical developments in our laboratories and those of others are minimizing these challenges and maximizing the future impacts of paleogenomic studies.
From patterns to processes
The analysis of time-series data combined with environmental data increases the power to identify selective forces shaping allele frequencies. Time-series analysis for identifying natural selective processes pre-dates the 'omics' era, when changes in allele frequencies were followed at target genes [32] . However, only recently have analytical methods become available to study long-term data series [33] . Recent analytical tools to infer selection and demographic processes from time-series data of allele frequencies [34] have been validated using data from artificial selection experiments on yeast [35] . The approach suggested by Illingworth and coworkers [34] compares changes in allele frequencies over time with predictions of different evolutionary scenarios based on population genetic theory and calculates likelihoods of fit for each scenario. The highest likelihood is used to identify the most probable dynamics of
Opinion
the system under study. Applying this approach to timeseries data obtained from dormant propagules will enable the reconstruction of evolutionary dynamics over extended time axes in response to known selection pressures and to disentangle adaptive from neutral processes with unprecedented resolution [34, 36] . Initially developed for clonal lineages, this analytic approach can be extended to sexually reproducing populations by considering selection and recombination simultaneously and can be used to discover complex multilocus interactions underlying fitness traits [34] .
The study of gene-frequency changes through time can be complemented by a quantitative genetics analysis of traits and experimental evolution trials using populations resurrected from different time periods of dormant propagule banks. Experimental evolution studies are a key tool for evolutionary genomics in non-model taxa, for which reverse genetic techniques are not possible. Resurrection ecology even if it provides experimental validation of evolutionary processes only over a portion of the time frame, is a powerful complementary approach to paleogenomics and enables a deeper understanding of the processes steering evolutionary dynamics in response to well-documented environmental changes.
The integrated analysis of complex landscapes: network analysis The identification of evolutionary processes in natural landscapes requires an understanding of the interactions between genome architecture and the environment that drives phenotypic evolution. Understanding these complex interactions requires analysis of multiple levels of biological organization, ranging from molecules to environmental and phenotypic variation. In recent years, network analysis has emerged as a powerful tool across numerous disciplines of science to analyze complex interactions related to public health, social (reviewed in [37, 38] ), and medical science [39, 40] . In the field of biology, network approaches have found wide application in diverse topics, including the study of metabolic and biochemical pathways [41] , the evolution of proteins [42] , and interactions among community members [43] . Because of its versatility, this tool can be also applied in a paleogenomic setting to identify patterns of covariation in genetic and phenotypic variation in space and along the time axis in response to known environmental changes. For example, variation in metabolic and chemical pathways linked to known environmental changes can be linked to patterns of variation in genotypic trait values identified in natural and experimental populations. Patterns identified with network analysis can be then used to develop informed models to forecast adaptive responses of natural populations to environmental changes (see 'Future avenues of research' below).
Eco-evolutionary dynamics
An increasing number of observations shows that ecoevolutionary feedbacks can have substantial consequences for population persistence [44, 45] , trophic interactions [46, 47] , community assembly [48] , and changes in ecosystem characteristics [49] . An outstanding issue is to understand over what time frame (years, decades, or centuries) ecological dynamics drive evolutionary changes and ecoevolutionary feedbacks. It is critical to establish whether, and to what extent, population-driven evolutionary processes can influence population dynamics, community composition, and ecosystem functioning on relatively short Figure 1 . Genomics of propagule banks in space and time. Dormant propagules sampled from sediment, soil, or ice cores can be used to reconstruct evolutionary processes, comprising demographic and adaptive changes, over extended time axes. The reconstruction of evolutionary processes conducted in parallel through time in several populations distributed at regional or continental scales informs understanding of adaptive responses of natural populations to environmental changes. Spatially structured contemporary populations (a) are amenable to population genomic and landscape genomic analysis. Dormant propagules from the recent past (b) can be resurrected and compared directly to contemporary populations using the full range of available DNA-and RNA-based genomic techniques as well as using trait-based approaches. Ancient (a)DNA from the far past (c) provides an archive of genetic material that can be compared with that of contemporary populations and indexed to reconstruct past environmental conditions and historical selective regimes. The joint consideration of past and present genetic structure in a time series provides critical parameterization for future forecasting. 5 timescales. An analytical approach that will help fill this gap is the method developed by Ellner et al. [45] that identifies the relative contribution of environment and evolutionary change to changes in population, community, or ecosystem properties. The applicability of this method has been shown in an elegant predator-prey microcosm experiment [50] . Applying this approach to layered dormant propagule banks offers unique opportunities to infer the role of changes in gene frequencies through time to explain dynamics in population densities and species composition. Combining paleogenomics with resurrection ecology will be a powerful approach in documenting ecoevolutionary feedbacks. Not only can genotypic or phenotypic trait values of hatched, or germinated, individuals be linked to a specific environment, but transplant experiments can also be conducted, by replacing individuals from 'evolved' subpopulations with individuals from 'ancestral' subpopulations in experimental trials [12] . This type of experiment allows direct quantification of the impact of evolutionary changes on ecological interactions and vice versa and, therefore, represents an important validation step in the study of eco-evolutionary dynamics.
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Future avenues of research
Processes and mechanisms of adaptation in the wild Species producing propagule banks offer a unique opportunity to follow evolution in time by comparing changes in genetic diversity at numerous points in time, as opposed to classic studies of genetic diversity in museum specimens when only one or a few time points have been compared [51] (but see [52] ). In addition, the analysis of propagule banks exposed to known selective pressures [11, 14, 22, 24] offers unique opportunities to link phenotypes to the underlying genotype and to specific environments. This linkage is made possible by leveraging historical reservoirs of genotypes to monitor changes through time within natural populations with known histories. With the recent advances in third-generation sequencing and the most recent statistical tools to analyze time-series data discussed in this opinion article, it will be possible to disentangle demographic and selective processes shaping genetic diversity and to understand mechanisms of adaptation in the wild. A parallel temporal analysis conducted on multiple populations distributed across a landscape allows for the reconstruction of the processes that drive evolutionary dynamics at regional and continental scales.
Predicting future adaptive responses By studying evolutionary dynamics over extended time axes in dormant propagule banks, it is possible to identify environmental processes that drive phenotypic evolution in natural settings. Combining these results with predictive models of future change in environmental conditions (e.g., climate or land-use change), we can predict the adaptive responses of natural populations to these future environmental challenges. Thus far, predictions regarding the response of extant biodiversity to environmental challenges have been limited to climate change and have been generated primarily with climate envelope modeling strategies using species distributional data [53] , projecting species range shifts (e.g., WorldClim database) while ignoring evolutionary dynamics. However, the lack of information on ecological and evolutionary processes that allow species to persist in the landscape strongly affects the accuracy of predictive models to forecast the long-term consequences of climate and other anthropogenic changes [54] . An additional level of complexity that limits the predictive ability of such models is the lack of information on the interspecific interactions within communities [55] . A first attempt to unify population modeling with both ecological responses and evolutionary processes is the 'boxin-a-box' modeling approach that couples population models to phenological change [54] . This approach unifies population modeling with both ecological responses to climate change and evolutionary processes, using a mechanistic embedded correlative approach, where the link from genes to population is established using a periodic matrix population model. This approach can be readily Box 3. Challenges of using dormant propagule banks Germination or hatching of dormant propagules If aged propagules cannot be induced to germinate or hatch, there is no possibility for direct experimentation and the application of reverse genetics. Thus, genome-based studies will remain descriptive in some systems.
Low quantity and/or low quality of aDNA aDNA is often limited in amount and quality, because aged propagules might be degraded and yield limited amounts of DNA material. Low quality and/or limited starting material has impeded the application of high-throughput technologies [64] in a paleogenetic setting. Requirements of starting material are several orders of magnitude lower for third-generation sequencing technologies [65] , offering promise for the sequencing of degraded DNA contained in ancient propagule banks. The high DNA sequencing error rate of this technology, ranging from 5% to 10%, will probably be reduced as these technologies are refined and can be partially alleviated by increasing the -fold coverage per run (i.e., number of reads per nucleotide position) with a finished read accuracy of 99% [66] . Bioinformatics tools able to account for sequencing errors are rapidly being generated, improving the quality of the data produced by second-generation sequencing [67] . Similar improvements are to be expected for third-generation sequencing platforms.
Sources of contamination for aDNA
If aged propagules are hatched or germinated, they do not pose concerns for DNA and/or RNA analysis. Conversely, if propagules cannot be hatched or germinated, measures to avoid contamination should be adopted. One of the most common sources of contamination is the drilling fluids used during sampling (e.g., ice coring). Although this kind of contamination cannot be avoided, it can be controlled by spiking the drilling fluid or the surface of the core with recognizable microorganisms, used as trace control to measure the penetration of contaminants in the core. The second source of contamination derives from handling cores in the laboratory. To reduce contamination at this stage, the outer surface of the cores should be removed in a laminar flow hood in a cold room to avoid the formation of a water film on the surface of ice cores and degradation of DNA and/or RNA in all cases. The third source of contamination is the DNA laboratory. Contamination with modern DNA can happen if aDNA samples are processed in the same environment as modern samples. An additional source of contamination is bacterial DNA that can be present in reagents and solutions. For a complete overview of the precautions that should be adopted when working with aDNA samples, we direct the reader to several comprehensive reviews on the topic (e.g., [68] [69] [70] ). 5 expanded beyond climate change to other environmental changes. A next step is informing this predictive model with data from biological archives to forecast population adaptation to multiple environmental challenges.
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Metagenomics
Combining paleogenomics and resurrection ecology of layered propagule banks will allow reconstruction of ecoevolutionary dynamics of interacting species (e.g., [12] ), given that several species in the community produce resting stages. Dynamics of evolving metacommunities can be reconstructed, documenting how adaptation at the genome level in single species interacts with community dynamics in response to environmental changes [55] , particularly if keystone species are incorporated into these studies. As technology advances and genomic resources are developed for a wider range of species, one can imagine applying a metagenomics approach to all species within a guild to analyze emergent dynamics [56] .
Paleogenomics combined with resurrection ecology applied at the community level can provide unique opportunities to study how local genetic changes might impact community responses to environmental changes, including climate change. Advances in bioinformatics will, in the near future, allow direct tackling of questions in eco-evolutionary dynamics using a metagenomics approach.
Concluding remarks
The parallel analysis of neutral and adaptive variation of dormant propagule banks on multiple populations distributed in the landscape, in some cases combined with resurrection ecology, allows research to go beyond descriptive measures of patterns of genetic variation and instead to reconstruct evolutionary processes that lead to presentday population genomic structure in natural populations (Figure 2) . A genomic analysis will simultaneously describe the patterns of adaptive variation of specific traits and reveal the underlying genetic mechanisms, providing an assessment of the repeatability of evolutionary dynamics. The identification of evolutionary processes is key to forecasting future adaptation to environmental changes and to designing conservation plans to prevent loss of biodiversity, which has an effect on ecosystem(s) 
Network analysis QuanƟfy eco-evo feedbacks
Time-series analysis Figure 2 . Showcasing paleogenomics. Environmental and ecological genomic approaches are used to measure patterns of phenotypic, genotypic, and environmental variation in spatially distributed populations at a single point in time (present-day populations). These patterns can be correlated using network analysis and ecoevolutionary feedbacks can be unraveled for a single point in time. When resurrection ecology is combined with the analysis of genomes, patterns of phenotypic, genotypic, and environmental variation are reconstructed in the recent past (decades to centuries) at different time points. Paleogenomics applied directly to propagules allows one to establish a link between the genome and environmental variation along extended time axes (>> 500 years). Patterns of variation in phenome, genome, and environment are correlated with network analysis for the recent and ancient past and eco-evolutionary feedbacks [45] measured along the time axis to reconstruct species and community dynamics in the face of environmental changes. The comparison of changes in allele frequencies over time (analysis of time series in recent and ancient past [34] ) with predictions of different evolutionary scenarios identifies the prevailing dynamics of the system under study. Combining the study of evolutionary dynamics with predictive models is used to forecast adaptive responses of natural populations to future environmental changes. By combining 'space' and 'time' (approaches), we can identify processes of adaptation in the wild (tools), forecast adaptive responses of natural populations to future environmental changes, and study the evolutionary dynamics of communities (outcome). 5 persistence comparable to that induced by anthropogenic changes [57] .
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